The rapid eradication of leprosy bacilli (LB) with a combination of chemotherapy (CT) and immunostimulation (IS) is an urgent problem in the treatment of leprosy. For examining this synergic effect, a favorable animal model is indispensable whose T cell immunity is enough to be augmentative by IS whereas LB can enough proliferate. Another indispensability is the use of a bacteriostatic drug which can firstly become bactericidal when combined with IS. A strain of nude mice, Jcl:AF-nu established by the hybridization of male FNS/N (nu/ nu) mice with female IAI (+/+) mice in Japan Clea Co. was known to be resistible against infections more than athymic BALB/c mice. On the other hand,the mechanism of action of DDS was well-known to be bacteriostatic.
The rapid eradication of leprosy bacilli (LB) with a combination of chemotherapy (CT) and immunostimulation (IS) is an urgent problem in the treatment of leprosy. For examining this synergic effect, a favorable animal model is indispensable whose T cell immunity is enough to be augmentative by IS whereas LB can enough proliferate. Another indispensability is the use of a bacteriostatic drug which can firstly become bactericidal when combined with IS. A strain of nude mice, Jcl:AF-nu established by the hybridization of male FNS/N (nu/ nu) mice with female IAI (+/+) mice in Japan Clea Co. was known to be resistible against infections more than athymic BALB/c mice. On the other hand,the mechanism of action of DDS was well-known to be bacteriostatic.
We examined the inhibitory effects by the combinations of DDS and few immuriostimulants on the growth of LB inoculated into foot-pads (fps) of female Jcl:AF-nu mice.
Materials and Methods
Examined agents: DDS, an immunopotentiative *-1,3-glucan, ATSO and a water-soluble arthrogenous lipoidal amine, 4-aminomethyl-(2,3-(di-n-decyloxy) -n-propyl) -4-phenylpiperidine hydrochloride (CP-46665) were kindly supplied by Daiichi pharm. Co., One Pharm. Ind. Co. and Dr. K. E. Jensen of Central Research, Pfizer Inc., U.S.A., respectively. N-acetyl-muramyl-Lalanyl-D-isoglutamine (MDP) was purchased from Sigma Chemical Co. and its synthetic derivative, N2-MDP-N6-stearoyl-L-lysine (MDP-Lys (L18) , muroctasin) was kindly supplied by Daiichi Pharm. Co. Dosing of agents: DDS and ATSO were given by mixing with a heat-stable pellet form chow, MB-6E (Funabashi Nojyo Co. ) in the content ratios of 0.01 or 0.002% and 0.04%, respectively. When both DDS and ATSO were dosed, equal quantity of DDS-and ATSO-chows were well mixed. CP-46665 and MDP were dissolved in physiological saline (PS) and filtered through Millex-GS (pore size 0.22*m, Japan Millipore Ltd.). They were intraperitoneally injected to each mouse once weekly in doses of 12*g /0.2ml and 100 or 75*g /0.2 or 0.15ml, respectivel y. Muroctasin aseptically measured into a sterilized glass homogenizer was irradiated for 1hr by an UV-lamp (National GL-15) at about 30cm from the lamp. It was homogenized with PS containing a very small amount of tween 80. The homogenate was further diluted to 500*g/ ml with PS. A portion (75*g /0.15ml) was intraperitoneally injected to each mouse once per week. Experimental animals: Female Jcl:AF (nu/nu) mice aging 4 or 5 weeks were purchased from Japan Clea Co. All of them were fed with MB-6E chow in inside of vinyl isolators (Sanki Kagaku Kogyo Co.). The sterilized water was freely given. LB inoculated: Strain of LB was Thai-53 received from Dr. K. Kohsaka of this Institute, which had been passaged 5 or 6 times through fps of athymic BALB/c female mice. The 6th passage was used in experiment 1 and the 7th in experiment 2.
Counting of acid-fast bacilli (AFB): Four or six fps of 2 or 3 animals were well minced, triturated and kneaded with 4-or 6-ml PS, respectively. After centrifuged at 330xg for 3min , 10 *l of the supernatant or its diluted bacterial suspensions were dried with 10*l each of formol-milk and fixed by exposing to formalin gas for 3min followed by heating on vapour for 2min . The staining method was: in 1% carbol fuchsin solution for 28min; in 1% HCl/70%
EtOH for 8-9sec; in a Loffler solution (methylene blue solution (30ml) diluted with 100ml of 0.01% KOH) for 28 sec, at room temperature.
Volumetry of fp swelling: The instrument used was a digital volumeter, MK-550 (muromachi Kikai Co.). The volume of liquid in its cell was adjusted by a sterilized water containing a small amount of tween 80. The volumetry was performed in inside of a clean bench, Hitachi PCW-13038 S G3. In experiment 1, it was once examined just before the last sacrifice of animals. In experiment 2, it was 3 times examined immediately after sacrifice of animals by their neck bone puncture. Experiment 1: Groups of 10 female Jcl:AF-nu mice aging 4 weeks were inoculated with 3* 1 07 LB into both hind fps. Two groups were fed with 0.005%-DDS chow or 0.005%-DDS plus 0.02%-ATSO chow during the 9th-21st weeks after inoculation.
The latter group was further given ATSO through 0.02%-ATSO chow during the 22th-32nd weeks. The other two groups were fed with 0.005%-DDS chow during the same period, but further dose with CP-46665 or MDP during the 9th-32nd weeks. The result is shown in Figure 2 . The growth of LB in untreated female
Jcl:AF-nu mice was comparable to that in athymic BALB/c female mice(1). However, when it was compared with a result found in the latter strain of nude mice (1), the growth inhibitory effect of DDS alone was more clearly exhibited in this strain of hybrid nude mice than that in athymic BALB/c mice. No synergic effect was found by the combination of DDS and ATSO.On the other hand, the combined doses of DDS and CP-46665 or MDP completely inhibited the growth of LB until 49 weeks after inoculation. In these 2 groups, a number of AFB were found to be beaded and short rods. Experiment 2: Groups of 9 female Jcl:AF-nu mice aging 5 weeks were inoculated with 6* 1 06 LB (the 7th passage) into both hind fps. One group was intraperitoneally dosed with muroctasin once weekly covering the 9th-32nd weeks. Another group was further given DDS during the 9th-21st weeks through 0.001%-DDS chow. A group given DDS alone was not examined due to a clear result in experiment 1.
The counting of AFB and the volumetry of fp swelling were started from the 217th day after inoculation. The results are shown in Figures 4 and  5 .
Unexpectedly, muroctasin itself was found to decrease the count of detected AFB and the fp swelling. The combined dose of muroctasin with the chow containing low concentration of DDS (0.001%) further decreased the count of AFB, but could not achieve the complete inhibition. If each nude mouse weighing 20g takes daily 3g of chow, the averaged daily dose of DDS is calculated to be 1.5mg/kg. In contrast to the complete inhibiton after adminstration of MDP and 0.005%-DDS chow, the inhibitory effect at this dose of DDS was supposed to be insufficient even though combined with muroctasin. On the other hand, Kawashima, et al. had reported that a cell population of prethymic T cell precursor was mainly found in the spleen of athymic BALB/c mice whereas it was mainly found in the peripheral lymph nodes in athymic Swiss mice (6) . They also suggested that the prethymic cells in both strains of nude mice were derived from the degenerating thymus glands in the nude mouse fetuses. The reason why we dosed the immunostimulants covering 24 weeks or till the end of the 8th month after birth of nude mice was based on these preceding findings in which the possible differentiation of cell subpopulations in aged nude mice was suggested to be responsible for the competence of their T cell immunity.
Practically, Pimm, et al. (7) had found the regression of 2 immunogenic tumor cell lines, a rat sarcoma Mc7 and a rat hepatoma D 23 in their transmitted nude mice after vaccinated them with BCG.
In experiment 1, an antitumor *-1, 3-glucan, ATSO with a mild immunopotentiative activity was the substance purified from a crude fraction (corresponding to krestin) of Basidiomycete (Coriolus versicolor) by eliminating its protein component (8) . The growth of LB was completely inhibited by a combined dose of DDS and MDP or CP-46665, but could not be inhibited by a combination of DDS and ATSO. The arthrogenous lipoidal amines have been oncologically used as immunostimulants. CP-20961 (avridine), a strictly lipophilic lipoidal amine, was once examined by us. However, the emulsion dissolving avridine seemed to be injurious and the nude mice intraperitoneally injected the emulsion (an ethanolic solution of avridine-tween 80-soy bean oil (3:1:45.9)) very gradually died. Since avridine was presumed to be unsuitable for such a long term treatment, CP-46665, a freely water soluble lipoidal amine, was examined, whose arthritogenetic potential was found to be comparable to that of avridine (9) .
Saiki, et al. Though an emulsion of MDP and trehalose-6, 6'-dimycolate regressed the proliferation of some tumor cell l ines and eliminated lymph node metastasis (13) , MDP itself and its derivatives have played a main part in these experimental IS and finally reached to muroctasin(14) It was reported that MDP was analgesic (15) in spite of its inflammatory actions (16) . In addition, muroctasin was found to have an inhibitory effect on edema formation (14) in contrast to the induction of edema by MDP (17) . These pharmacodynamic characteristics of muroctasin are presumed to be desirable for treatment of leprosy . Its IS effect superior to MDP was reported in details (18) The complete growth inhibition of LB after adminstration of 0.005%-DDS chow and MDP in addition to the partial growth inhibition by muroctasin alone indicated the enhancement of antibacterial effect due to an IS effect by these 2 immunostimulants. The results in experiments 1 and 2 may suggest the usefulness of this strain of hybrid nude mice to be a favorable animal model for examining the inhibitory effects of CT-IS combinations on the growth of LB.
Summary
The inhibitory effects by the combined doses of bacteriostatic DDS and several immunostimulants on the growth of leprosy bacilli (LB) inoculated into the footpads of nude mice were examined, using a strain of hybrid nude mice named Jcl:AF-nu, which is resistible to infections more than strain BALB/c-nu. The results found were: 
